Background: Rapid eye movement sleep behavior disorder (RBD) is associated with cognitive decline in early Parkinson's disease (PD). However, the underlyling basis for this association remains unclear. Methods: Parkinson's Progression Marker's Initiative (PPMI) subjects underwent baseline RBD testing with RBD sleep questionnaire (RBDSQ). Serial assessments included measures of motor symptoms, non-motor symptoms (NMS), neuropsychological assessment, blood and cerebrospinal fluid (CSF) biomarkers. Up to three years follow-up data were included. We stratified early PD subjects into PD with RBD (RBDSQ score > 5) and PD without RBD groups. Then, we evaluated baseline biomarkers in each group as a predictor of cognitive decline using Montreal Cognitive Assessment (MoCA) score changes over three years in regression models. Results: Four hundred twenty-three PD subjects were enrolled at baseline, and a total of 350 PD subjects had completed 3 years of study follow-up with completely serial assessments. We found that at baseline, only CSF β-amyloid 1-42 (Aβ 1-42 ) was significantly lower in PD subjects with RBD. On three years follow-up analysis, PD subjects with RBD were more likely to develop incident mild cognitive impairment (MCI) and presented greater cognitive decline in MoCA score. Lower baseline CSF Aβ 1-42 predicted cognitive decline over 3 years only in PD subjects with RBD (β = − 0.03, P = 0.003). A significant interaction between Aβ 1-42 and the 2 groups confirmed that this effect was indeed higher in PD with RBD than the other individual (β = − 2.85, P = 0.014). Conclusion: These findings indicate that CSF Aβ 1-42 level is associated with global cognitive decline in early PD with RBD. The addition of CSF Aβ 1-42 to RBD testing increase the likelihood of identifying those at high risk for cognitive decline in early PD.
Background
Parkinson's disease (PD) is one of age-related neurodegenerative diseases with a wide range of motor and nonmotor symptoms (NMS) [1, 2] . Rapid eye movement sleep behavior disorder (RBD) and cognitive impairement are two common NMS manifestations in PD [3] [4] [5] [6] . The presence of RBD can predict a greater cognitive decline and a greater risk of developing dementia in advanced PD [7] [8] [9] [10] . The relationship between RBD and cognitive decline has also been reported in a preliminary analysis of early PD subjects from the Parkinson's Progression Markers Initiative (PPMI) cohort [11, 12] . However, no prior work has identified the underlyling basis of cognitive impairement in early PD with or without RBD.
Recent studies have suggested that several biomarkers including blood apolipoprotein E ɛ4 (ApoE4) genotype, cerebrospinal fluid (CSF) Aβ (lower) and tau (higher) have been associated with cognitive impairment in PD in cross sectional studies [13] [14] [15] [16] . However, the results did not clarify the relationship between these biomarkers and RBD for cognitive decline in early PD. It is interesting to explore whether the presence of any of these biomarkers increases the risk of developing cognitive decline in early PD with RBD. So, the aims of this study were to (i) confirm the association between RBD and global cognitive decline in early PD over 3 years follow-up period, and (ii) further assess which biomarker is associated with cognitive decline in early PD with RBD. The PPMI therefore provides an early opportunity to explore relationships between cognitive findings and potentially influencing factors at the early stage of PD in a large, untreated, imaging-confirmed cohort of newly diagnosed PD patients, where medications do not confound motor and NMS measures.
Methods

Study samples Standard protocol approvals, registrations, and patient consents
The PPMI study was approved by the Institutional Review Boards of each PPMI site. Informed written consent was obtained from all subjects at each site.
Subject selection
assessments, and lumbar puncture at baseline, and 3 years follow-up visits for the neuropsychological assessments.
RBD sleep assessments
We defined possible RBD individuals in PD with RBD sleep questionnaire (RBDSQ), in which a positive screen was defined as a score > 5 [17] . The RBD data used in this study were obtained from the PPMI files 'REM_Sleep_Di-sorder_Questionnaire.csv'. According to this definition, the early PD subjects were allocated to PD with RBD and PD without RBD groups.
Cognitive tests
The question 1 on part 1 of the Movement Disorder Society-Unified Parkinson's Disease Rating Scale (MDS-UPDRS1.1) and Montreal Cognitive Assessment (MoCA) data sets used in this study were obtained from the PPMI files 'MDS_UPDRS_Part_I.csv' and 'Montreal_Cognitive_Assessment__MoCA_.csv' respectively. Question 1 on part 1 of the MDS-UPDRS was used to screen for PD reported cognitive impairment. MoCA is a validated global cognition test. The recommended cutoff score of < 26 was used to define mild cognitive impairment (MCI) [18] . Δ%MoCA over 3 years in each group were used to reflect cognitive decline and defined as: In addition, individual cognitive tests for specific domains have been previously described [19] and included Verbal memory-the Hopkins Verbal Learning Test (HVLT) total recall, HVLT Recognition Discrimination, Visuospatial function-Benton Judgment of Line Orientation, Processing speed /attention-Symbol Digit Modalities Test, Executive function /working memoryLetter-Number Sequencing Test and Semantic Fluency. Mild cognitive impairment was defined as any 2 or more of the above cognitive tests > 1.5 SD below the standardized mean [19] . Δ% individual cognitive tests over 3 years in each group were used to reflect specific cognitive decline and defined as:
Other clinical characteristics and assessments We analyzed the association between all baseline CSF biomarkers and Δ% MoCA in each group. Linear regression models evaluated the predictive effects of all baseline CSF biomarkers on outcomes of Δ% MoCA over 3 years in each group. We further added an interaction term (CSF biomarkers*group) in the regression models to evaluate the interaction between CSF biomarkers and the 2 groups on the outcomes. Confounding variables based on biological rationality and published data were selected in linear regression model. Because UPDRS part III differed and Geriatric Depression Scale were borderline among the PD RBD and non-RBD subjects, linear regression model was corrected for UPDRS part III scores and Geriatric Depression Scale when analyzing the association between all baseline CSF biomarkers and Δ% MoCA. Age, gender, education, ApoE4 status were also included as covariates for analysis involving cognition. For each model, the coefficient (β) represents the difference in annual rate of change in the MoCA for each 1 point increase in the parameter (dependent variable) for the continuous variables. For the models involving categorical variables, each coefficient represents the difference in annual rate of change of the MoCA between the group. Statistical analysis were performed using SPSS (version 19.0) and a P-value < 0.05 was taken as statistically significant.
Results
Baseline demographic and clinical characteristics
Of the 350 early PD subjects analyzed, 136 were PD with RBD and 214 were PD without RBD. There were no differences in gender, age, education, ApoE4 genotype distribution, baseline disease duration, Hoehn and Yahr Stage, UPDRS1.1 positive cognition, MoCA scores and other NMS scores between two groups. There were significant differences detected in the baseline UPDRS part III in PD with RBD group compared to PD without RBD group (P = 0.044). The detailed characteristics of all these PD subjects were listed in Table 1 .
Baseline performance on the individual cognitive test among PD subjects with vs. without RBD are shown in Table 2 . At baseline, those with RBD performed worse on the HVLT total recall (P = 0.039) and Symbol Digit Modalities (P = 0.008). Baseline Benton Judgment of Line Orientation and Letter-Number Sequencing tests also differed, however, they did not reach significance.
Baseline CSF biomarkers
Baseline CSF biomarker levels by study groups were demonstrated in Table 3 . There were no differences at baseline CSF t-tau, p-tau, alpha-synuclein, p-tau/t-tau ratio, and t-tau/Aβ 1-42 ratio between two groups. CSF Aβ was lower in PD with RBD group compared to PD without RBD group (P = 0.005).
Follow-up cognitive decline and conversion to MCI
On 3 year follow-up visits, those in PD with RBD group were more likely to report cognitive impairment (UPDRS1.1) compared to PD without RBD group (52.9% versus 31.8%, P < 0.001). The Δ% MoCA of PD subjects with RBD declined more than in those without RBD (P = 0.004). In Kaplan-Meier survival analysis with time to conversion to MCI as the dependent variable, there was a suggestion of an effect of RBD on the risk of developing MCI (P < 0.001, Fig. 1) .
In a separate analysis, we defined MCI by individual cognitive tests criteria. We found that on 3 year follow-up visits, in visuospatial function domain, the Δ%Benton Judgment of Line Orientation of PD subjects with RBD declined more than in those without RBD (P = 0.016, Fig. 2 ). Similarly, PD subjects with RBD presented more MCI prevalence in comparision with PD subjects without RBD, however, they did not reach significance (15.0% versus 8.5%, P = 0.071).
Baseline CSF Aβ 1-42 as a predictor of cognitive decline in PD subjects with RBD We further found that baseline CSF Aβ 1-42 predicted global cognitive decline (Δ%MoCA) over 3 years in PD with RBD group (β = − 0.03, P = 0.003), but not in the PD without RBD group. For instance, MoCA scores decreased by 0.03 points for every 1 point reduction in CSF Aβ 1-42 value. For example, a subject with an CSF Aβ 1-42 value of 354 pg/ml could be expected to experience an additional 2.7 point decline in MoCA score over 3 years compared to a subject with an CSF Aβ 1-42 value of 384 pg/ml. In addition, a significant interaction between Aβ 1-42 and the 2 groups (Aβ 1-42 *group) confirmed that this effect was indeed higher in PD subjects with RBD than PD subjects without RBD (β = − 2.85, P = 0.014, Table 4 ).
Discussion
Based on the present results from PPMI database, we report that RBD is an predictor of cognitive decline in early PD patients and CSF Aβ 1-42 is associated with cognitive decline in early PD with RBD.
RBD has been reported to be present in 15-72% of PD patients and is associated with poor parkinsonian symptoms, higher daily levodopa dosage, and cognitive impairment in more advanced PD patients [4, [7] [8] [9] [10] 20] . However, in the large-scale, untreated, imaging-confirmed early PD cohort, we found that multiple baseline NMS didn't show worse presentation in PD patients with RBD compared with PD patients without RBD, and they also remain relatively stable over 3 years (data not shown). While global cognition deteriorates in 3 years follow-up period in PD patients with RBD. Thus, we confirmed that RBD was still associated with cognitive decline in the early stage of PD.
There are several hypothesis that might explain the association between RBD and cognitive decline in PD [21, 22] . This is the first study to our knowledge exploring the underlyling basis for the association between RBD and cognitive decline within the untreated, imaging-confirmed early PD cohort. The ApoE4 is an established risk factor for Alzheimer's disease [23] [24] [25] and has also been proposed to be an important risk factor for cognitive impairment in PD [13, 14] . Yet, our results showed that in early [26, 27] . Thus, the presence of ApoE4 does not increase the risk of becoming MCI at least in the first 3 years of early dementia-free PD with RBD. Alzheimer's disease (AD) pathology has been linked to cognitive decline in PD. Pathologic accumulation of Aβ is associated with PD patients with dementia. Cortical Aβ seem to determine the rate to dementia [28, 29] . Up to one third of patients who develop PD dementia will also meet pathologic criteria for AD, involving β-amyloid plaques and tau-containing neurofibrillary tangles, which may have an additive effect with alpha-synuclein pathology to worsen prognosis. The phosphorylated-tau at threonine 181 is one more specific biomarker for AD and is related to neurofibrillary tangles [30, 31] . CSF biomarkers, such as increased tau and decreased Aβ , can reflect the degenerative process and have been associated with cognitive impairment in PD in cross sectional studies [15, 16, 32 ]. Yet, the relationship between CSF tau or Aβ and RBD in predicting cognitive decline in early PD remains unknown. In the present study, early PD patients were dichotomized into PD with RBD and PD without RBD based on RBD SQ score > 5 [17] . We found that in comparison to PD without RBD, only CSF Aβ 1-42 was obviously lower in PD with RBD. Regression analysis showed that baseline CSF Aβ 1-42 could predict cognitive decline over 3 years only in PD subjects with RBD. Similar studies with a relatively small sample of PD subjects have found a relationship between CSF Aβ 1-42 levels and cognitive status in PD patients [33, 34] . Lower Aβ 1-42 levels in the spinal fluid may be related to sequestration of the peptide from CSF into amyloid plaques. Lower CSF Aβ 1-42 levels reflect greater amyloid plaque burden in patients with PD at risk for cognitive decline [35] . Therefore, our data suggest that lower CSF Aβ 1-42 could be the closely related biomarker in cognitive decline in early PD with RBD. The addition of CSF Aβ to RBD testing may increase the likelihood of identifying those at high risk for cognitive decline in early PD.
Lewy body-type synucleinopathy is the main pathological marker in PD. PD dementia has also two major Results are mean ± (SD). P value was assessed using two-tailed Student t test for each variable. *P value statistically significant. The PD with RBD patients had significantly lower contents of CSF Aβ Abbreviations: PD Parkinsonr's disease, RBD Rapid eye movement sleep behavioral disorder, CSF cerebrospinal fluid, t-tau total tau, p-tau phosphorylated-tau, Aβ β-amyloid Fig. 1 The effect of RBD on global cognitive decline in early PD subjects. a RBD predict conversion to MCI. Kaplan-Meier survival analysis was used to estimate the effects of RBD on the progression to MCI. b Cognitive decline by Δ%MoCA from baseline to 36 month in PD with RBD and without RBD. Results are mean ± (SD). P value was assessed using two-tailed Student t test for each variable. *P value statistically significant. Abbreviations: RBD, Rapid eye movement sleep behavioral disorder pathologic subgroups: neocortical synucleinopathy and neocortical synucleinopathy with Aβ deposition [28, 29] . Interestingly, there is inconsistent data about the relationship between CSF alpha-synuclein and cognitive impairment in PD patients. Several research found that high CSF alpha-synuclein correlated with PD dementia [36, 37] and low CSF total-α-synuclein was associated with dysfunction in phonetic-fluency (a frontal-lobe function) and with frontal cortical thinning in RBD [36] . Unlike several previous research, we did not show an association between CSF alpha-synuclein level and cognitive impairment in early PD. For high CSF alpha-synuclein, it is important to note that these previous research have focused on PD patients with dementia [36, 37] , and the PPMI sample is relatively young and dementia-free. Our findings were consistent with some previous studies showing no Fig. 2 The effect of RBD on specific cognitive domains in early PD subjects. Cognitive decline by Δ%HVLT total recall, Δ%HVLT Recognition Discrimination, Δ% Benton Judgment of Line Orientation, Δ%Symbol Digit Modalities, Δ% Letter-Number Sequencing and Δ%Semantic Fluency from baseline to 36 month in PD with RBD and without RBD. Results are mean ± (SD). P value was assessed using two-tailed Student t test for each variable. *P value statistically significant. Abbreviations: RBD, Rapid eye movement sleep behavioral disorder; HVLT, Hopkins Verbal Learning Test association between CSF alpha-synuclein and cognitive impairment in early PD [32, 38] . Perhaps high CSF alpha-synuclein was more prevalent in PD patients with dementia. Our data supports the conclusion that CSF alpha-synuclein does not increase the risk of becoming MCI at least in the first 3 years of early dementia-free PD with RBD. Longer follow-up duration of PPMI cohort will reveal whether CSF alpha-synuclein is important in more advanced cognitive dysfunction of PD. There are other baseline factors, including severity of disease, disease duration, education level, male gender, advanced age of onset, and concomitant medication which may be associated with more rapid cognitive decline in PD [39, 40] . However, in the early PD subjects from PPMI cohort, no significant differences were found in Hoehn and Yahr Stage, disease duration, onset age, education level, and male gender. There are few SSRI or SNRI usages in PD subjects in PPMI database. Previous study from PPMI database also demonstrated that the majority of PD patients with clinically significant depression were not treated with antidepressants [11] . So, these confounding factors were actually excluded when we investigated the relationship between CSF Aβ 1-42 and cognitive decline in early PD with RBD. Meanwhile, there are very few diabetes or metabolic syndrome in these early PD subjects in PPMI cohort, so contribution of diabetes or metabolic syndrome to our findings is likely minimal. Additionally, although GBA mutations were more common in RBD, there are few GBA mutations carriers in PD subjects in PPMI database. Of the 350 early PD subjects analyzed, we identified only 6 PD with p.N370S GBA mutations. The confounding effect of p.N370S GBA mutations to our findings was likely minor.
Of course, we recognize that the present study has several limitations. First, the MoCA is one broadly-used and abbreviated instrument for global cognition assessment. The recommended cutoff scores < 26 was used to determine MCI (PD-MCI level I category). Since comprehensive testing may not always be available, an MCI definition based on an abbreviated assessment is very useful in routine clinical practice. The use of the MoCA alone is one level I category for defining PD-MCI by MDS guidelines and a diagnosis by this criteria is regarded less certain than a diagnosis of PD-MCI by level II category assessment. However, Analysis by MCI level II category assessment based on neuropsychological testing for specific domains (PD-MCI level II) did not reach significance likely due to low progression to MCI event rate as described in the present and previous research [41] . Second, the diagnosis of RBD was only based on clinical interview without sleep laboratory recording [17] . Thus, the diagnosis of RBD might not be formally confirmed. The onset time of RBD with PD was unknown in the PPMI cohort. There is no available data of RBD duration for PD subjects and the present analysis. Future study is still highly desirable in order to is disclose the more possible mechanism of RBD on cognition impairment of PD patients. Third, the neuropathological and neuroimaging correlates of lower CSF Aβ are not clear, which just can reflect the evidences for degeneration [42, 43] . In addition, cholinergic dysfunction is also associated with PD with RBD. However, longitudinal studies on large cohorts are required to gain more insight into the role of cholinergic dysfunction in the emergence of cognition impairment of PD patients with RBD [21] . Further studies based on this preliminary study are still required so as to contribute to a deeper understanding of cognitive impairement in PD with RBD, therapy planning and prognosis prediction for early PD patients with RBD.
Conclusions
Taken together, this study provides evidence that CSF Aβ 1-42 may play a role in prediction of cognitive impairment among early PD patients with RBD. As single marker, RBD may lack enough specificity. Early testing of CSF Aβ in such PD patients is important for providing more potential diagnostic value and determining next therapies. 
